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i ] 

ttria####iim(i> ^l^smMJi^ ffe^fcSx & 2 ©summer friaMiaiJ^^^ 

[«I#312] 

wsm*m*&m m i* > miBM t 1 osmii« t <o n k^js $ * ^ tr 

£ t £#m 4: 1" * 1**3 1 fB«c©^#3M6i£So 
[■1**3] 

fflBRMtt. A 1 G aN^*#*t45£k 1 2 E«©^f 

TttrfBSI 1 ©**IW.hfc5B*3*ifcl* l Olii % 

mzm 2 ©«m jlkjbjks tLfcji* 2 t N 

«rlB» 2 © t mm 2 ©tew*^ 4: ttT3B£& k m IK $ *Lfc £ 2 © * ;v - * - ;v 

[■1*515] 

ureas ijj:o , »2o^*-*-^ T»Baf«otirEMii»*«K»ife'*"*«*K 
umm 6 ] 

#flB^K*«> SiC, A1N, GaN> BN, S i ©|*|©V>-f tlfr— ©*m-C3£Ji£$ fl 

x^zzt *mkb-t&nnc& 1 ~~ 5 ©v»-r ti& 1 *Ke*©*aMfc3&jte»«o 

llire^MMis^W MKi3tf£> fl&eifc** * & ©ft wSJlffi LM&1B CO $ fix v> 

Sit **HKi:-r&«l*« 1 ~ 6 ©v>1**l3> l *fce«©^2g#f£3fe£E«o 
[W*E 8 ] 

KriBI&jfc«^e>Offi»3fe**^* <4U80 nm^±7 8 0 nmJ£JlT©lEH©ilfeftj££- 
4: 4: 1 - 7 ©v>1**l* 1 Sfcef^^MW&ftSSIto 

9 ] 

Hif ib ~? u > h e««^ii«$ ttfe, i - 8 ©v>-r*L* i *i-ett©*##$&ft* 

[»*£ 1 0 ] 

«I*B 9 ©$&ft^E y a 4: fc •* * ,TO^So 

[■**£ 1 1 ] 

ttftJ&ftfc J: 19, 36«©-^©^®±^l&^t-&tr^##^*J»«:^J«-t** 1 ©I 

gmmmzfrM-r %w,2 ©is t . 
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[0 0 0 1] 

2|s:^^t±. «*^*-K (J2JLT. TLED (Light Emitting Diode) J tmi 
[0 0 0 2] 

LEDIifi&m^^n^vm^KJfc^T^J^ • «#^"C2b «5 , #K> i£3^ fi-feL 
v*&„ 6feLED<0±I(±, m&%*5k-t2> L ED^T^y ^i^Wfeft-ClS&fe 

£ ti/ntfeft * &yt®- t t t <Dm& k * o t a-t^t* 

[0 0 0 3] 
[0 0 0 4] 

LED^Tf Z<DttXl±il&mx*%%:\<*<DX, T-tV^y • 7 n-te* ir:j3V>-C 

[0 0 0 5] 

Lri*U ±iB«>J:5fcLT«irr&6'feLEDl±, M#ti:iit4^tM< * 
4fcv>ofcI«|fi**Ltv^ 0 -LIB fife L EDtli, LED^7f'^±t:f 

& o 

[0 0 0 6] 

•fcftlj. 5£j£p D n (fifeLED) 9<Dl£T*ffiV>-CV>;fco 
[0 0 0 7] 

•C, tfttl fcfBtt$*LfcLED*-y-/5&*fce>*iTV»* 0 
[0 0 0 8] 

ftMfr^flU t-IB<£<£> LEDf ^ LED^Tfv :/± <9 * — ® *9 &£®ft£^T 

(t^-^> h^T") ±t:LED^7f 7 ^«L, ilLED^Tf 7^ 

Wttitl] #112 0 0 1-1 5 8 1 7^-<&m (#IH&3 3 9 9 4 4 0^r) 
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[0 0 0 9] 
[0 0 10] 

ft *m ^fz&%* V a - ;v*3 J: ra§g^S £ Utt"* 
[ISffi£fl?&-t£;fca&03MS:] 
[0 0 11] 

[0 0 12] 
[0 0 13] 

S<bK, MIB>g:*fJS{±> A 1 G aN^*#*&&4i fc*#tit4. 
[0 0 14] 

lOTa»l«)*maMI±K»J«*ii*:#l Wilt, fflE*2©aMtll«J:fc5&JS 
*«fcl»tS!3*Lfc# 1 <DX}U-*-)\s£^tf& 1 OiW5#S:^LT8l«5^ TttrfBDI 2 

[0 0 15] 

Sfc, H&lE^Rtf*. SiC, A IN. GaN. BN. S i Oft©v>f 
[0 0 16] 

[0 0 17] 

Sfc. M&$k3hmfrh<Dm&fttf&%< ^U80 nmm±7 8 0 nm^lTOliOf 
[0 0 18] 

7V v MEttCHS^ti/:, ±E^*#l&^®t mSi^^tttSo 
[0 0 19] 

±m<DBM*mj&-rztzit>, *&mK.ft&mmmm\t> mm^v^-n^^m^tz^ 
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[ftHDttJIt] 
[0 0 2 0] 

[0 0 2 1 ] 
[0 0 2 2] 

[0 0 2 3] 
[0 0 2 4] 

HI (a) \U f i#^f X*^ LED7V^f-^2 ^^t^Sfft 
m-Cfc*K 19 1 (b) (i> LED7l^ / f ^f-y ~?2 <D*PMWi~ ! ?%> & o HI (a) i±> 

ftifct* L E D 6 OKW t±^tB"C* D > ^oa^^Dnfl^ifMK&L^^O-C* 
&o (HI (b) T'(i, ft»t4»jfe#|[4 8©H^li**LTV>4 0 

[0 0 2 5] 

ilC/Kti^C, LED7Wfy7 , 2tt, & <> > K- ^ C&Wfc) 

5 i (BIT, TS i C»4J kW^o ) ±K> 3&3tt§fc#tr^*##»R 
*^!S:SMf-eifeSLED6^ NtrM^J (*ffin?ti\ 7 ^fr 5^J> ^tt3 51H) ©^ 
h U ^ ^^«tHHBy!lStLT** tO-C**o 35!©LED6(i> S i C*t4WiI± 
„ ipSW4 = 5 0 //m©^»*SL/^i^i:MMi:J:o«?liTV^ 0 

*>> s^^ti, s i cmm* vn-ffio-m^mftg-mm (3 5>h©led6) 
, raMR*tti«7j ) o 

LED6©t^XL 1 XWlli2 8 5 ^mX 4 0 0 ju m"?* *9 > LED6Mf^t^ 
XL2XW2li2mmX2mmT^^ LED7V // f f 772<Dt / fXL 3 X L 4 li, 2 
. 1 mm X 2 . 1 mmti^o 
[0 0 2 6] 

LED7V-ff-?72«i:ov^t, »fiffiia*#J!B $e»KKWi"* 0 
[0 0 2 7] 

112 (a) li. HI (b) fc*ilt*A-A*lBlrlBia-Cfc!K H 2 (b) li, WB-B» 
©rWH-C*&o ~fts:t>*>, 3 51@©LED 6©l*k H2 (a) UtI^JB^LED 

6 a fc lfi^JSOLED 6 b^, 02 (b)T?M\ 7 fir 3 ?"J i <D L E D 6 c t 7ft 5 
|©LED6 d^$§tltV^ 0 
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[0 0 2 8] 

LED6I^ S i C*S4±i:Mfl$^n-Al GaNAy77i8 (ff3 3 0 
nm) . n-AlGaN/GaN30liODBR (Distributed Bragg Reflector 
) Jf 1 0 (-frttffS 3)«m) , n-G aN^77 K/S 1 2 (S i K-^i3X 1 0 18 cm" 
3 , H? 2 0 0 nm) , InGaN (|?2nm) /GaN (®$8nm) 6JaW^#SS 
^.#^HjteJl 14. p-G aN^5y KJf 1 6 (M g K-7M; 1 X 1 0 19 c m" 3 > J?£ 2 
0 0 am), p-GaN3>^M18 (Mg K-/f 3 X 1 0 19 cm" 3 , )?$2 0 0 
nm) <0^fo%'mWkfrb$LZ>o LED6(i, S i C«4 1HHC@fi£ fitzMM 

MM (n-G aN^77 1 2) fc*flKti tt/cSmS^ (p-GaNn^^ 

hill 8. p-GaN^??KH6) tX$k%M (^-Mfi^FfOTS 1 4 ) £&A,T~ 
LTV^ 0 

p-GaN^^ Ml 8±Kfi. N i/AuS§2 O^UIT01TO2 2^ 
Sfc£*LT:i3 , n-GaN^5y K112±{:}±, nl^lt^ST i /AulS2 4^ 

[0 0 2 9] 

±IBW»J&^£& LED 6 \Z&^X, I TOI11I2 2 tl i/Aul!2 4 £^ 

^mm^mx, vmwM\~N i/Auii2 o 1 i TOMssm«i2 2 ^^v^v^^ti 

[0 0 3 0] 

W^IH]£lj^^^;^tLTV^ 0 1213 (a) fi. LED6O¥M@"e*S 0 13 3 (a) ^tk1" 
*WXii^ d= 1 fl mmnx«W : &V>B^2 5^^^tVC*5l9, CltU^fcoTp 
f!im®M^ s IH]£btw^ot:v>^)o G3dl®£^J2£1"&*:*^ra2 5 <DmWrMf^t, 

t »w J: i?IH]£bm£BJ&i-<5>£ t b hX i> ttz, W-K^MZ^Mm^M 
[0 0 3 1 ] 

±M<OMWufrb-&%> 3 5l@OL ED 6 (i. S i C*«[4 ±T'ii:^J^^$aTV^ 0 
[0 0 3 2] 

[0 0 3 3] 

HI 2 H o Wfet%> LED6 a£LED6b> LED6 c HED6 d t(J, 

S i C«4 Ktxm-tZfrMm2 6K£^X$-M.2tlX^2> 0 FMfcfc, M&1r2><£X<D 
LED6^(±, %-MmK£vX$-W.ZfrX^Z>o 
[0 0 3 4] 

ifc, *LED6a, 6 b, 6 c, 6 d <DW&*ftmM 2 6 £ X. o CttttJR ( 

Si3N4M) 2 8«$tfCV^ 0 f *jHK*ft»R2 8±fcMU LED6aOpl 

M (N i/AuI!2 0, I T01TO2 2) fcLED 6 b©n««S (T i/Aui 
124) *mWi-?2>y'V y vB2*§13 0tf*J&*$*LTV>So LED6 cOplllJ: 

LED 6 dtf>n«m*fc<&BI«K *&MI2 8±J=»A«*tfc^V r^S§3 OPiotg 
jR$tLTV»*o fU, Iff 6 e ~ 7 ff 3 fl| 1 © L E D 6 f HHbH«ftfcL 

r^'J r«3 0-C»a$tLT^i) % ^tOLED6^ HI 3 (b) 

gti:^ti^:> ^J«i^^tv^ 0 LEDTV^f ^2C^t, It^J^Sft 
£3 5 L E D 6 <9F*k ftItltS©LED6 aOT i/AuI®2 4^iiLED 
TW f-y ^2©#V- K1S3 2 fc** 0 *«ffim*»*> L E D 6 dON i /A 

uH2 0, I T015!1S2 2A«LED7l"f + v-f2<DT J - KM 3 4 £&£o 
[0 0 3 5] 

HI 3 (c) li> LED7V^fy^20Sffi^UMSo HI 3 (c) K^ti? 
LED6 fcliRSHIIOS i C%«4$lS^i> 2MW3 6, 3 8tf ? ?M£*L 
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TV>4, ^m^3 6, 3 8ti> ^-ftlfc, Ti/P t/Au»6 4So 
[0 0 3 6] 

Lt, m 2 Hj^i" «fc ? iz s jjy- YWM. 3 2 c I^ISt 3 6 £3*, 7 V v SHE* 4 0 
£ ixfs i C3&K4 £ MtfcS ;v- * - ;v 4 2 fc^LTftiKSti/c* «9 , ry-Kl 

|£3 4 t#&m«^3 8 £rt s , 7V *S>E»4 4 33^8 i C«4 KP^ISS tLfc*;!/-* 
-;V4 6 £^LT«g£*iTV>;g> 0 ^.^-^-;V4 2, 4 6 SiCIt4Cl 

WtZfttz%'&3 0^raO?LlCP t £3fr»LT&& tOT^^o Jifei&mSSf ^ 3 6, 3 8^ 
<b, %mmm%fctiZ 5ii<7)LED 6 &f&£«L£#i$tT-5 0 m AcoH^^ii^ L 
Tt^WSfif^mJEti 1 2 0 VC&o^o 
[0 0 3 7] 

s i 0114^111:1^ LED6ts i ci«4 oTttrfa^mrngB 7 s&^ss-a 

£ (S r, B a) 2S i 04 : E u 2+ Ojtfe:£^»5fc£: S i 0 2 ©IfcJK^ £ #ffc £ * tz <i> 
<0*»<E>**o S36#I4 8 0f*T (HI2#bb) 5 0/zm^l,o a*tt#fl& 

[0 0 3 8] 

#L E D 6 Of&ftJl 1 4 #> h ifetfr £ *ifc1HMte<0-« ±IB£bfrffcM4 8 *OfM 
K iotfM«i?W= fLT, L E D 6 /i^ <7)f fef i: f ^ ©tfe^^ 

ttftK*fr»-e*aDBRJgl QtfM&ZiiX^&tzib, &ttM 1 4t*4CS iC*«4fc 

^«fc «9, #LED 6 Histt^^m L^jW|fi]_h-r^o #9!iffl#fci5V»-C, 
fctix $tft*> s 4 0 0 nm£li5 0 0 nm*StO|EH©jte*v>v^ M&3tti±, afe«j&*5 5 
0tti6 0 0 nm»iiO**V^ iOttSo L/;#ot, LtzMtzlt, LE 
D 6 *£§&jfctf-*$fcSj& ? 4 6 0 n m<D 4> <D t Lfcri*, oWJl^tlt^ot, JtSBife 

[0 0 3 9] 

JBLL©*JS# &&SLED7W^?72 ©«M(:oi>-C, m 4 -121 6 «r#JW 
[0 0 4 0] 

H4~HI6-e{i, LED7W s> 7 2 <04M*J£W#fc&**#«W~ti 1 0 0 
fWf#L, -€-OT2«rfc(±L EDTl^'ff y 72 WJiSi" bfc*-^ 

[0 0 4 1] 

$fc"?\ Jfrfc&JR'fb^SWlJSJfcft (Metal Organic Chemical Vapor Deposition Method; 
MOCVDft) fcfflv^ G9 4 izjfr-* X ^ > K-7S i CStl 0 4±K, n-A 1 

GaNA'7 7Tll0 8, n-A 1 G aN/G aN 3 OTOODBRJi 1 1 0, n-GaN 
^9yKIl 12, I n G a N/G a NW#Ii?#p||*I 114. p-GaN*9? 
Fit 116, p-GaN3>^^Mll 8 £ dOlt^lt* [IS (a) ]o ^ 
y K-7S i C^fKl 0 4*4, £&2 4 J?£3 0 0 ^mOSt^So 

[0 0 4 2] 

n-GaN3>^Ml 1 8^M*:-7^^ 5 0 £i&1- 0 ^^^r^^^cii, # 
LED 6 K*5»t*N i/AufI2 0 ( I T OSfBjm^ 2 2 ) 03^*^36** J: 0 IB 
•jJ!£v»1g«T?*So •€" LT, #^**>^«i*fc*ttS-*-*«IW3-*, n-GaN^5>;Fi 

1 1 2<D¥liti*x.y*--y7kzXi)te&1r&aM (b) ]o iW*iO> Ti/Aull 

2 41^1 (nilSW) 5 2**5&J£S*t*o v^^SOIt #aM\zfr < HT^Ife* 

[0 0 4 3] 

ggv>T, S i caMR±OH(riBa6«Jtffl«5 7 fc#MI*2 6 itLeo^Jft^- 
5fe**&fl-0«*fc*r** 5 4^Jfe-To itv^^fV^©t, S i CM1 0 4**t**S 
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«jtx7f>^u *«*ffi*&7 tfrtm2 6 zT&m-f&iJim (c) ] 0 -r&fr^ 

* 5 414, *XS»c4f <lMrCBt***La« 
[0 0 4 4] 

■tacie (d) ] 0 

[0 0 4 5] 

±IBS i 3 N 4 mi 2 -7** 5 6 Srife-To * > ^ffi*tt, N i/Au»^ 

20.(ITOlW22) Mj& : ?femmW<Z>ffi$t,'?$>Z>o f LT, 
»*WJS-r*S isN4ll 2 8«:X7fV^KJ: D&*L£:f£, N i/AuHIl 2 0^1 
tCiotW^o itUC 4. 19. Ni/Au$i2 0«i?W[Ig (e) ] Q 
? 5 6Jtfc»J*3*LfcN i/AuIll 2 0 (^H^) 14, ^X^iKfi 1 < 
^56 fc-Hf KHfe*S*ia 0 
[0 0 4 6] 

±IBX« (e) fcH»<&3M*fc 4 19 s T i /Aull2 4 £^j£-f &o -T&:b*>, T i 
/Aum*»Jft : ?S**t*t(S1-«S i 3N4II 2 8Mmi-(:vX^ 5 8 fcJ&ftU S 
SIfflL/;S i sNiKWfl-fc^.y^^fcJ: !>ltfe*Lrt:&, &JR»fl|T?*& T i /A uH 
1 2 4*mMK£ IJllcL-C, T i/AulS2 4 * : &$LlrZ> [Ig (f ) ]o ^^5 8 
±.fc5BJfcS*LfcT i/AuIl 2 4 PF®^) f4, #cX|i Kfi 1 < 1ST K> iiv^^5 8fc 

[0 0 4 7] 

*;v-*-;v4 2 4s 4 6£?£/&1-^<, SM*^-*-^^^!! 

JWa^tiK^^^ 6 0 *if 0 vx^r^^, xyf^motl? 2 0 0 ^ mO 
?L6l£?&)£U S«tofcfcm*M ?*fc£^P t *^+*[Xfi (g) ], v^6 0 

i±, 2fcrefir<tfrfci&*$*L<& 0 

[0 0 4 8] 

Miem 2 5 «r^-r-< < , mmmu 2 5 ^jft^jfewifcjem©**^^^ ^62 zm-? 

o t x-;fy^;£oTp-Gan3>^nil 8 * l?R^IH]«5«:^J«-r 

a[X@ (h) ] 0 v**6 2 44, ^Xg^f<m^^*§tt-6 0 
[0 0 4 9] 

I TOaWIt 2 2 Sr^jSi"^ Sil TOS^IS 2 2 J&jRFgffttJ&ilftOffttK 
v**6 4 ^Jfei-o IT OKI 2 2^/<7 3"JV^CJ:otfitJo 

£*UC4<9, I T01TO2 2?&*3&j£S*i*[Ig (i) ]o 6 4±tzM}&2ti?z 

IT01122 (yfmm) 14, ^tXS^ff < «TJ=. §^^^6 4^-31^*$^. 

[0 0 5 0] 

v yBE»3 0 , 4 0, 4 4 *^jS-*-*o * y'EWfSfia^^liCv 
6 6MU;«^, ^Jl^m-e^^T i / P t/Aul*IiCiotMt^o - 
ftCioT, T i /P t/AuI*e,*«yj yVB«l3 0, 4 0, 4 4 [ 
Xg ( j ) ] 0 v^^6 6±fcJ&£$*i;fcT i/P t/Aul PFHI^) {4, ^XgKfi 1 
<HTK, ^^^^ 6 6 fc— f£KP£3r$*L& 0 

S i CX^l 0 4T~m*ffimLxmfr l 5 0 ^mCilU itfrffi*^-*-^ 2,4 6 
£S i CStl 0 4&®1l!ia»<bgffl$-££[X*I (k) ]o 

iI|tfl|L/;l|Ii:, TttriBltm^ 3 6, 3 8 «r^Jffi-t^<, Sgtil&WJflKPS 6, 
3 8«i=-^MW^®^-7^^ PFHtf) ML/:^*)> &JR**|T?*&T i/P 
t/AuJl^^llPl' icTfltJ, tttHio-T. Ti/Pt/AuI*^44»I» 

?3 6, 3 8^Jfi$*t4[Xg ( 1) ] 0 l&fa^^XK^JfcStLfcT i /P t/Aul 

^V>t, WI4 8*Mt<<, (Sr, Ba) 2 Si04:Eu 2 + ©ffef»* 
£ S i Oz^mtTtZfrmmttzisy ^|B3imEffiSP7i5i^#LED 6 £ 
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5 0^mi:i5:4i-elft*[Ii (m) ] Q Sfeft^-fett, f^tfWA7>^f 

2 (mi#psj mts, 

[0 0 5 1] 
[0 0 5 2l 

fetre.li, TOtJb^ 3 8 0 nm~7 8 0 nm (8t~#) ©afeftO*'** h/I/Jft55-fc 

LEDJ tv>o/:i^i:ii, -HRWfc^ fetf hifiSs. t*v^t <£> kS*>tLfv>4 0 Ltf*L& 
a*<b, ±|?tf-^t^3 7 0 nm (**Urt) •fr©*'** h /Wig 

ifeS1llt*«rg|v»-C*«). nr^-e** 3 8 0 nmJ2UtK:«g)&53"&&oTV>;&C:fc^ 

^<iU80 nm£l±7 8 0 n mmTOi£ffl<£>ifcgfiS;frfc'g-tr <D\zMm *n»*C*o T 
, JiSBLfcifcSfefcfcf-^ifeg^ 6 0 n ra^f fejfc^Ht L E D C 

[0 0 5 3] 

^8{i> ±.fB LED7V"ff 0 0 (J&T, 

rLED ; Eyi-;v2 0 0J fcf % ) O^MR#*ftBI'C*'6o LEDtya-^2 0 Oti 
, &»1-*JIB9§S*2 4 0 H«#$*LTfflv>e,tL& 4<^)-e**o 
[0 0 5 4] 

0 0 t± , jtg5cm«*UAlN (g'ffcT/l'S) *fe4&-fe 
7v^Xit2 0 2 t3i«*"7^^l/>X2 0 4, 2 0 6, 2 0 8 fc^LTV^o * 
75'^ 2 0 2 fctt, ]&EJ8&£ 2 4 0 KW*) tiXXOtfH KKlfflS 210^, Rg 

^2 4 O*fc<0»W*$»t3fcaoSSH=-2 12,21 4* s f£ttf>tLTV^o 
[0 0 5 5] 

El 9 (a) liLED^y'i-^2 0 OO^SIUS:, HI 9 (b) «H19 (a) fc*3tt&C 
-Cilllt H9 (c) i*M9 (b) t*»t*D«*£^:ig*'€-^-r*L^U , rv>*o 
[0 0 5 6] 

H9 (a) , (b) fcjj%-*J:dfc, *7 5'^xit2 0 2©W:ii, 4 

o Kwototf&moirj k?l (jta?L) 2 1 6tfmmztix^2> 0 ^7<^^i 

S2 0 2 0TlCli, 2>tHt>\,Z&* y* 2 1 7«$tLTV^ 0 

[0 0 5 7] 
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®9 (a) WTHMx.5#l'>X2 0 4 ) 2 0 6, 2 0 8 O+'frfcJtJES-J-* * 
7v;nit2 0 2±C, LED7Wfy/2#lifo 

[0 0 5 8] 

^7? ?^^3&R2 0 2 14, JgS 0. 5mmtrA 1 N £ £ 1" & 2^-t9< y * 

7.*>K2 0 1,2 0 3«^iiT^St75 y £„ £43. «5 ? ? 

toMfti Ltlt A lNJBW*fc* A I2O3, BN, MgO, ZnO, S i C> 

[0 0 5 9] 
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